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Abstract-The composition of the sterols, sterol esters and fatty acids has been determined in 8-, 1 I- and 14-day 
cultures of three members of the Xanthophyceae, Botrydium granulatum, Tribonema aequale and Monodus subter- 
raneus. The main sterols, whether esterified or unesterified, were cholesterol and clionasterol, whose proportions 
do not vary with age ofculture. Much smaller quantities of cycloartenol and 24-methylenecycloartanol were also 
found in all three algae. The C,, fatty acids are the most common fatty acids in all three algae with C16:1 being 
particularly abundant. B. grantdatum and 7: aequale, however, differ from M. suhterraneus in having polyunsatur- 
ated C,, fatty acids and a smaller proportion of CZ~.~. 

INTRODUCTION 

THE STEROLS of algae appear to be far more varied than those found in higher plants. The 
major sterols of the red algae (Rhodophyta) are Cz7 sterols; most of the species examined 
have cholesterol as the predominant sterol although several species contain large amounts 
of desmosterol-’ Fucosterol is the major sterol of the brown algae (Phaeophyta) with 

Ahhreriafiorts. The trival names of the sterols used in the text have the following systematic names: cholester- 
ol = cholest-5-en-3P-ol; desmosterol = cholesta-5,24-dien-3B-ol; 24-methylenecholesterol = 24-methylenecho- 
lest-5-en-3/?-o]; A’-ergostenol = (24S)-24-methylcholest-7-en-3/?-ol; 22-dihydrobrassicasterol = (24St24-meth- 
ylcholest-5-en-3fl-ol: brassicasterol = (24R)-24-methylcholesta-5.22-dien-3~-ol; ergosterol = (24R)-24-methyl- 
chol~sta-5.7.22-tricn-3/~-ol: fucosterol = E-24-ethylidenecholest-5-en-3/j-ol: 2X-isofucosterol = %-24-ethylidcnc- 
cholest-5-en-3/&ol: sitosterol = (24R j24-ethylcholest-5-en-3[j-o1; clionasterol = (24$-24-ethylcholest-5-en- 
3/1-01; A.-chondrillasterol = (24S)-24-ethylcholest-7-cn-3[1-ol; chondrillasterol = (24R)-24-ethylcholcsta-7.- 
22-dien-38-01; poriferasterol = (24R)-24-ethylcholesta-5,22-dien-3fl-o1; lanosterol = 4,4,14r-trimethyl-Sr-cho- 
lesta-8,24-dien-38-01; cycloartenol = 4,4,14cc-trimethyl-9,19-cyclo-5~-cholest-24-en-3~-o1; 24-methylenecycloar- 
tanol = 24-methylene-4,4,14a-trimethyl-9,I9-cyclo-5r-cholestan-3~-ol. (Note that in saturated side chains 24x- 
and 24/?-alkyl substituents become (24R)-and (24S)-24-alkyl substituents respectively according to the Cahn. 
Ingold and Prelog convention; 3o however, the presence of a 8”-double bond reverses the specification of chiral- 
ity at C-243’.) 

’ TSUUA, K., AKAGI, S. and KISHIDA, Y. (1957) Science 126,927. 
’ TSUDA, K., AKAGI, S. and KISHIDA, Y. (1958) Chem. Pharm. Bull. (Tokyo) 6, IC!. 
3 TSUDA, K., AKAGI, S., KISHIDA, Y., HAYATSU, R. and SAKAI, K. (1958) Chem. Pharm. Bull. (Tokyo) 6, 724. 
4 AARONSON, S. and BAKER, H. (1961) J. Protozool. 8,274. 
5 GIBBONS, G. F., GOAD, L. J. and GOODWIN, T. W. (1967) Phytochemistry 6,677. 
6 ALCAIDE, A., DEVYS, M. and BARBIER, M. (1968) Phytochemistry 7, 329. 
’ IDLER. D. R., SAITO, A. and WISEMAN, P. (1968) Steroids 1 I, 465. 

a’ CAHN, R. S.. INGOLII, C. K. and PRELOG, V. (1956) Experientia 12,81. 
31 BROOKS C. J. W. (1970) Rodu”s Chemistry of Carbon Compounds (COFFEY, S., ed.), Vol. IID, p. 75, Elsevier, 

New Y&k. 
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some species also having 24-methylenecholesterol.8 I3 The stcrols of green algae (C’hloro- 

phyta) are much more varied than those of other divisions of algae and many species have 
very complex mixtures of sterols. Fourteen species of the genus Chlor~c~/I~~ have been studied 
in detail and shown to vary markedly in stcrol composition; seven species contain crgos- 
tcrol and other A,“.‘-stcrols. five species contain A’-crgosterol, chondrillasterol and 
A’-chondrillasterol and two species contain dihydrobrassicasterol. poriferasterol and 
clionasterol. ’ a ’ ’ Some species of Chlorophyta have significant amounts of cholesterol,’ ’ 
24-methylenecholcsterol” and 2%isofucosterol. “.I ’ There is considerable evidence to in- 
dicate that methyl or ethyl substituents on C-24 of the sterols of Chlorophyta have the 
p-orientation (24s) in contrast to the y-orientation (24R) of their counterparts in higher 
plants. ’ ” Small amounts of sterols have been isolated from two blues green algae (Cyano- 
phyta). 24-ethylcholestcrol and 24-ethyl-A’,“-cholestadienol from I’l~oi,t~itlir/r,l /uI.~~u/II’ ‘) 
and cholesterol and 24-cthylcholesterol from .4nuc~~.sti.s ~i&rl~~.s and I;‘~c~r~~~~c~/ltr riiplosi- 
pl~or~.‘” The configuration at C-24 in these sterols remains to be decided. EU~/~VLI qr~~i/i.s 
(Euglenophyta) has been shown to contain ergosterol.“.” 

In the Chrysophyta most of the recent sterol investigations utilizing such po\vcrful ana- 
lytical tools as GLC and MS have been carried out on a few species of golden-brown algae 
(Chrysophyceae). SJ~IUFU p~wwuii has been shown to possess cholesterol and sitosterol.‘3 
Ocht~~rnonas rlarrlicn contains ergosterol, brassicasterol, 22-dihydrobr;~ssicastcrol. clionas- 
terol, poriferasterol and probably 7-dehydroporiferastcrol.” O~~/~IY~~~KN~~~S rllLllhLl,lle,?si.\. on 
the other hand, contains only porifcrasterol as the major stcrol component.” The sterol 
content of the other classes of the Chrysophyta, the ~CIIOM green algx! (>(~llnth~~pll~c~~~~~ 

and the diatoms (l~acill~~riopii~c~~~~) IUS not hcen rccontl> in\c‘hti+ ‘~~,lWd. /\ccordingl\ \Vc’ 

have carried out such an investigation on members of three orders of Xanthopfi!,ccac. 
Elotr.Jx/il/nl ql~.ar~r&~t~rrr~ (Heterosiphonales), T~~ihor~c~ro II~Y~UU/~~ (l-Ieterotrichalcs) and 
:lIo~~ot/us .~11/l~c1./.(/1l(,t/.\ (Hctcrococc:llcs). Wc ha\c dctcrmincd not onI\ the total \IL’I-OI 
composition but also the composition of the sterols present as stcrol esters in cultures of 
these algae grown for different lengths of time so as to check for variations with age of 
culture. We have also determined the composition of the fatty acids derived from the sterol 
esters and from the total lipid to cheek for differences which could bc indicative of speci- 
ficith with respect to the fatty acid content of the sterol esters. 
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RESULTS 

Thirteen I-litre batches of Bold’s Basal Medium were inoculated with equal vols of a 
logarithmic-phase culture of B. ~/IYIIIII/~IIIIIII. After 8. 1 1 and 14 days of growth the cells 
from 5, 4 and 4 1. were harvested and the lipid extracted, yielding 72.9, 107.5 and 160.6 
mg respectively. 7Y aequale was treated in the same way and yielded 63.5, 95.6 and 147.5 
mg of lipid from 5 1. of 8 day, 4 1. of 11 day and 4 1. of 14 day cultures respectively. Nine 
I-litre batches of M. subterraneus were grown in shake culture like the other two algae; 
3 1. harvested after 8 days yielded 43.5 mg of lipid whilst two batches of 3 1. harvested after 
11 and 14 days yielded 47.9 and 82.8 mg respectively. Thirteen 1-litre batches of M. subter- 
raneus were also grown with forced aeration; 5 1. harvested after 8 days yielded 213.2 mg 
of lipid whilst two batches of 4 1. harvested after 11 and 14 days yielded 301.6 and 423.4 
mg respectively. 

The lipid samples were normally divided into two parts, one representing 2/3rd of the 
total and one representing lj3rd. The 2j3rd portions were saponified and the unsaponifi- 

able material and fatty acids isolated. The fatty acids were methylated. purified by TLC 
(system 2) and analysed by GLC before and after hydrogenation. The unsaponifiable 
material was fractionated by column chromatography. The fractions were checked for 
sterol content by TLC (system 1) and those containing sterol bulked. The 4-demethyl- 
sterols, co-chromatographing with cholesterol and the 4,4_dimethylsterols, co-chromato- 

graphing with lanosterol, were then separated from the bulked fractions by TLC (system 
1). The sterols in the 4,4-dimethylsterol zone constituted l-3% of the total sterols of the 
algae. The 4-demethyl- and 4,4-dimethylsterols were then analysed by GLC and GC-MS. 
The 1/3rd portions of lipids were used for sterol ester analysis. The sterol esters were iso- 
lated by column chromatography and purified by TLC (system 2). They were then saponi- 

fied and the resulting sterols and fatty acids extracted and analysed in the same way as 
the sterols and fatty acids obtained from the total lipid. The quantities of lipid obtained 
from the 8 and 11 day cultures of B. gramdatum and ZY aequale and the shake cultures’ 
of M. subterraneus were considered too small to be divided into two parts and were there- 
fore analysed in the same way as the 2/3rd portions of lipid described above. 

GLC analysis of the 4-demethylsterols derived from the total lipid and the sterol esters 
of all three algae revealed two components, A and B, which co-chromatographed with cho- 
lesterol and sitosterol respectively. The MS of sterol A (Table 1) had a molecular ion at 
m/e 386 suggesting a C,, sterol with one double bond. Ions d and e at m/e values of 273 
and 271 showed that the side chain was C,H,, and that the double bond was in the nuc- 
leus. Ions U, x and y at In/e values of 301, 275 and 247 strongly suggestz5 that the position 
of the double bond is A5. This evidence is therefore consistent with the identification of 
sterol A as cholesterol. The mass spectrum of sterol B (Table 1) had a molecular ion at 
m/e 414 suggesting a CZ9 sterol with one double bond. Ions d and e at m/e values of 273 
and 271 showed that the side chain was CiOH,, and that the double bond was in the nuc- 
leus. Ions U, x and y at m/e values of 329, 303 and 275 strongly suggest 25 that the position 
of the double bond is A’. This evidence indicates that sterol B is a 24-ethylcholesterol. The 
orientation of the ethyl group at C-24 was shown to be p (S according to the Cahn, Ingold 

and Prelog convention)30 by optical ro tation measurements. The specific rotations [rx];’ 
in CHCl, of sterol B derived from all three algae were found to be in the range -42.5” 

to -44.5”. The literature values for the [x]u ’ 5 in CHCl, of 24x-ethylcholesterol (sitosterol) 
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Ion Fragmentation 

Sterol 
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Molecular ion 
M +~mmMe 
M+~~~HOH 
M’ ~[Me + HOH] 
M+ SC 
M ‘--[SC + 2H] 
M+ --[SC + HOH] 
M *m [SC + HOH + 2H] 
M + m~l:SC + 271 
M’mm [SC + 27 + HOH] 
M ‘--[SC + 421 
M+-m -[SC + 42 t HOH] 
M+ [X4] 
M+mmm [X4 + Me] 
M+- -[X4 + Me + HOW] 
M *p 1433 
M’ +43 + HOH] 
M’ [C - 22+ +H] 
M’--[C-22++H+Me] 
M’ -[SC+%] 
M + m+SC + 56 + HOH] 
M +---[59] 

M+mm[67 + HOH] 
M + 193 + HOH] 
M+~m~[121 + HOH] 

386 (53) 414(53) 
371 (51) 399 (41) 
36X (X0) 396(71) 
353 (73) 3X1 (65) 
273 (27) 273 (32) 
271 (8) 271 (9) 
255 (61) 255 (65) 
253 (6) 253 (5) 
246(12) 246(11) 
228 (24) 228 (26) 
231 (41) x31(41) 
2 I 3 ( 100) 213(100) 

426 (22) 
‘$1 I (63) 
408 (37) 
493 I 100) 
31X(1?) 
313(19) 
“Y7 (76) 
295 (39) 
7XS (7) 
770 (9) 
773(19) 
35 (71) 

759 (31, 259 (401 
24 1 1’7) 241 (44) 

301 (68) 329 (S3) 
275 (100) 303 (X2, 
247 (60) 275 (2’)) 

* Intensities arc taken from the MS of the sterols from the 14 day B. ~I.NII~~/~~~I~ culture: however. similar 
values were obtained from the MS of the equivalent stcrols from other algae. 

SC= sidechain: = [C-16+ C-17 + 3H]:42= CC-15 + C-16+ C-17 +6H]:X4- [C-23toC-2H]in24- 
methylenc side chains of sterols other than those with a Y,19-cyclopropane ring: 43 = [C-24 to C-273 in A” 
side chains: [C-22- + H] = H plus C-22 to the end of SC: occurs only in the prcscnce of A” unsaturation: 
5h = [(‘-I 5 to (‘- 17 + C.-i7 -+ XJI]: 56 :: [C-I to C-3 -c OH + hH]: cha~,icteri~tlc of iIi -->tcroI\: 67 = C‘,H- 
from C-2 to C-6 or C-3 to C-7 in A’-,terols: 93 = C,H, from Rings ,A and R. prohahlq C-1 to C-7. in A’-stcrols: 
121 = C,H,, from Rings A and B by cleavage of the C-7 to C-X and C-Y to C-IO bonds. 

and 24/&ethylcholesterol (clionasterol) are -37 ’ and -42 Therefore sterol I3 is identified 
as clionasterol. 

GLC analysis of the small quantities of 4.4-dimethylsterols derived from the total lipid 
and stcrol cstcr of the three algae revealed scvcral components. two 01 which (C and D. 
Table 1) had the same RRT* values as cycloartenol and 24-mcthylencc~~cloartanol. The 
mass spectrum of sterol C (Table 1) had a molecular ion at 117/~ 426. suggesting a C,, sterol 
with either two double bonds or one double bond and a 9,19-cyclopropane ring. Ions d 
and P at nz/c values of 3 15 and 3 13 showed that the side chain was C,H, 5. Lack of ions 
y and I’ at 177,‘~ values of 342 and 327 show that the double bond in the side chain is not 
at A2’ and point to a 11” location. Ions s and t at r77,‘c~ values of 359 and 241 indicate the 
presence of a 14z-methyl group.“’ This MS evidence plus the fact that stcrol C had the 

same RR, as cvcloartcnol and clcarl\ sepnr~~tcd from authentic lanostcrol on GLC‘. idcnti- 
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TABLED. COMPOSITION OF THE 4-DEMETHYL STEROLSISOLATEDAFTER SAPONIFICATION OF 

THE TOTAL LIPID OF Botrydium yranulatum, Trihonema aequale AND Monodus suhterraneus 
GROWNFOR8.11 AND 14 DAYSINLIQIJIDCULTURE 

Percentage composition* 
Alga Sterol 8 day I1 day 14 day 

Botrydium Cholesterol 14.1 1.52 14.0 
Clionasterol 85.9 84.8 86.0 

Trihonema Cholesterol 30.9 33.2 31.6 
Clionasterol 69.1 66.8 68.4 

Monodus Cholesterol 32.6 (40.0)t 33.7 (41.1)? 33.5 (39.0)t 
Clionasterol 67.4 (60.0) 66.3 (589) 66.5 (61.0) 

* Based on peak areas from GLC on 3% OV-1. 
t Figures in parenthesis refer to percentage composition in M. subterraneus cultures 

grown with forced aeration; all other figures refer to algae grown in shake culture. 

fies it as cycloartenol. The mass spectrum of sterol D had a molecular ion at m/e 440 sug- 
gesting a C,, sterol with either two double bonds or one double bond and a 9,19-cyclo- 
propane ring. Ions d and e at m/e values of 315 and 3 13 showed that the side chain was 
C,H,, . Lack of ions q and r at m/e values of 342 and 327 show that the double bond in 
the side chain is not AZ2 and point to the presence of a 24-methylene group. Ions s and 
tat m/e values of 259 and 241 indicate the presence of a 14a-methyl group.26 Lack of ions 
1, m and n at m/e values of 356, 341 and 323 respectively indicate the presence of a 9,19- 
cyclopropane ring. Ions I, m and II are characteristic of 24-methylenesterols provided they 
do not contain a 9,19-cyclopropane ring. The evidence therefore indicates that sterol D 
is 24-methylenecycloartanol. 

The percentage of the two most abundant sterols, the 4-demethylsterols cholesterol and 
clionasterol, in the total lipid of the three algae grown for 8, 11 and 14 days is shown in 
Table 2. The ratios of these two sterols in each alga does not change with age of culture. 
In B. granulatum cholesterol and clionasterol constitute about lSo/;, and 85% of the 
4-demethylsterols present in the lipid respectively where as in T. aequale and the shake 
culture of M. suhterruneus they constitute about 32% and 68% respectively. However, the 
cultures of M. subterraneus grown with forced aeration have an increased percentage of 
cholesterol ( - 40%). 

The percentage of cholesterol and clionasterol in the sterol esters of the three algae is 
shown in Table 3. In M. subterraneus the ratio of the two sterols does not change with 
age of culture but the proportion of cholesterol is slightly lower than in the total lipid. 
The proportion of cholesterol in the sterol esters from the 14 day culture of B. granulutum 

TABLE 3. COMPOSITION OF 711E 4-DEMETHYLSTEROLS OBTAINED AFTER SAPONIRCATION OF THE STEROL ESTERS OF 

Botrydium yranulatum, Trihonema aequale AND Monodus suhterraneus 

Percentage composition* 
Botrydium Trihonema Monodust 

Sterol 14 day 14 day 8 day 11 day 14 day 

Cholesterol 18.3 29.7 38.4 36.9 36.5 
Clionasterol 81.7 70.3 61.6 63.1 63.5 

* Based on peak areas from GLC on 3”/, OV- 1. 
t Momd~t,s was grown on Bold’s Basal Medium with forced aeration: Botr~diw~t and Trihonc~ttr were grown 

in shake culture on the same medium. 
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14”’ 8’ 1, 1 II” 14”’ 8’1’ I III’ 14”’ p”’ , 1’2’ 14’2’ 

-------___ __-_ 

0.’ 0.0 wo 0.0 7.1 0.2 I .o 0.3 0.X 0.3 
(k-3 0.7 0.1 0.2 9.5 0.8 7.0 l-5 2,1 05 

n..? 1-6 Y.7 I .i 0.5 7.5 0.3 x.0 8.3 I.3 4. 0.0 I 0.8 ‘).I 0.0 5.5 0.0 88 WI 3.4 

0.1 0.6 04 0.4 I.2 03 0.5 0.6 0.4 0.3 
11.2 IO.9 25.t( 21.1 13.2 21.2 IO.1 I’.0 I 0.9 I I.7 
50.6 43.0 49.2 48.9 30.2 37.4 33.4 3 I.2 37.x 37.9 

I.2 I.5 0.8 9.9 0.0 oa 0.0 o-n 0~0 0.0 
6, I 5.6 7.4 2.7 0.0 0~0 0.0 lW 0.0 0.0 

6.1 0.4 2.0 1.1 0.0 0.0 0.0 0.0 oa 0.0 
00 0~0 0.0 0.0 I 9 0.3 0.5 1 .o I.7 0.5 
0.4 0.9 0.6 0.6 I.2 I a 0.8 o+l 0.9 0.3 

0.‘) I.3 I.1 I.7 41 7.1 2.x 3.6 2% - 1.6 
I.3 l .:i I.2 I,3 46 4.3 3% i.0 l.6 I.5 
04 O-6 0.1 0.2 Z-8 03 O-7 0,‘) CX 0.4 

oa 0.3 0.1 0. I 1.7 0.0 1-Y 0.3 0.6 0.3 
7.4 3.9 4.3 5.9 2.9 1.7 I.0 4.6 I.5 2.3 
4.7 IO.2 3.7 5.6 14.Y 21.3 15.9 3O.Y 28.2 32.0 

~_ - 
The fatty acids verc analyed as their methyl esters on either IO”,, SP 1000 or IO”,, FFAP. 
* ‘The number before the colon is the number of carbon atoms in the fatty acid: the number after the colon 

is the number of double bonds prcscnt. 

I” Algx were grov+n for 8. 1 I or I1 da!? on Bold’s Basal Medium at 20 under constant illumination and 
with fat-ted aeration. 

is slightly higher than that in the total lipid whilst the reverse was the case in 7: trequcJc. 
The ratios of cycloartenol to 24-methylenecycloartenol in the 4,4-dimethylsterol frac- 

tions derived from the total lipid and sterol esters of B. grwnul~~fztrn. 7: c~~~uulc and A4. arh- 
ter~~e~.s were in the order of 2: 1. 2: 1 and 6: 1 respectively. 

The composition of the fatty acids obtained after saponification of the total lipid of the 
three algae grown for 8, 11 and 14 days is shown in Table 4. The C,, fatty acids are the 
most common fatty acids in all three algae with C,, , being particularly abundant. B. 
q~nrbt~r~n and 7: urquul~. however, difl‘er from M. ~~~~IWIYUI~U.~ in having polyunsaturated 
C,, lattj acids and rather smaller amounts of C,, s. The composition of the fatty acids 
derived from the sterol esters or the three algae is shown in Table 5 and is characterized 
by the lower proportions of C, (, l’atty acids and the presence of saturated. long chain. odd- 
and even-numbered fatty acids. 

The three species of the Xanthophyceae examined have two main sterols. cholesterol 
and clionasterol. No other 4-demethylsterols were detected but this does not rule out the 
presence of others. as minor components, which would only become apparent if larger 
quantities of lipid wcrc examined. It is significant that clionasterol has the /I-configuration 
at C-24 (24s): in this rcspcct. thcreforc. the Xanthophyccae are iikc the ChrJ-sophyceae 



Sterols. sterol esters and fatty acids 

TABLET. COMPOSITION OFTHE FATTY ACIDS OBTAINED AFTER SAPONIFI- 

CATION OF THE STEROL ESTERS OF B0trydium yrW/uturn, ~~ihoilema 
aequale AND Monodus subtrrrarwu.s 

Percentage compostion 
Fatty* Botrydium Tribonerna Monodus 

acid 14 day 14 day 8 day 11 day 14 day 

l2:O 0.9 2.4 0.3 0. I 0.2 
14:o 3.2 8.5 2.5 1.2 1.5 
14: 1 1.6 0.0 0.0 0.0 @O 
15:o I.5 1.9 1.3 0.5 0.4 
16:0 I@8 11.3 10.9 9.4 7.6 
16:l 0.9 2.0 2.0 1.2 2.0 
17:o 2.4 3.2 1.6 2.3 3.4 
18:O 4.6 1.2 3.3 5.6 1.7 
18:l 8.0 9.0 5.6 5.1 44 
18:2 0.0 0.6 3.7 0.8 2.3 
18:3 8.0 17.1 25.1 12.3 13.9 
19:o 5.4 3.1 5.0 8.5 11.4 
20:o 8.5 4.8 5.8 9.0 10.7 
2l:O 11.5 7.2 9.8 13.4 11.9 
22:o 11.7 74 7.2 10.0 8.4 
23:0 12.1 9.0 9.4 104 8.2 
24:0 8.8 5.2 6.7 10.6 6.0 

The fatty acids were analysed as their methyl esters on either 10% 
SP 1000 or 10”’ FFAP. /0 

* The number before the colon is the number of carbon atoms in 
the fatty acid; the number after the colon is the number of double 
bonds present. 

Monodus was grown on Bold’s Basal Medium with forced aeration; 
Botrydium and Tribonrrna were grown in shake culture on the same 
medium. 
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and the Chlorophyta in synthesizing 24S-sterols. The two 4.4-dimethylsterols, cycloartenol 
and 24-methylenecycloartenol. present in small amounts in the three species of Xanthophy- 

ceae have also been detected in two members of the Chrysophyceae, 0. duunica and 0. null- 
hamensi.~.24 

It is apparent that the ratio of the major sterols in 7: uequale and M. subtrrraneus does 
not change as the culture ages from 8 to 14 days; growth curves showed that 8, 11 and 
14 day cultures represented early, mid and late logarithmic phases of growth. However, 
a change in cultural conditions, from lesser to greater aeration of the medium, caused an 
increase in the percentage of cholesterol in M. subterraneus. Such variations in sterol com- 
position have been seen in single species of Rhodophyta.’ The sterol composition of the 
sterol esters largely reflects the total sterol composition and it is unlikely that any great 
significance attaches to the minor variations seen. 

There was, however, quite a difference between the fatty acid composition of the sterol 
esters and that of the total lipid. In each of the three algae the percentage of C,, fatty 
acids dropped markedly and that of the C1 H:_3 and > C2,) f:\tty acids rose eqnally markedly. 
This indicates that the composition of the fatty acyl moieties of sterol esters is different 
from those of triglycerides and phospholipids in these alga and suggests that random ester- 
ification is not taking place. This phenomenon has been seen in the fungus Ph~corn~~ces 
blakesleeanus2’ and may be explained by there being different pools of fatty acid within 
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the organisms or by some of the enzymes taking part in the formation of these lipids exerl- 
ing a degree of specificity with respect to fatty acids or fatty acid-containing substrates. 
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